This study was conducted to investigate the effects of Sasa quelpaertensis bamboo and green tea on plasma and liver lipids, platelet aggregation, and erythrocyte membrane Na channels in ovariectomized (OVX) rats. Thirty female rats were OVX, and ten female rats were sham-operated at the age of 6 weeks. The rats were divided into four groups at the age of 10 weeks and fed the experiment diets: sham-control, OVX-control, OVX-bamboo leaves (10%), or OVX-green tea leaves (10%) for four weeks. Final body weight increased significantly in the OVX groups compared with that in the sham-control, whereas body weight in the OVX-green tea group decreased significantly compared with that in the OVX-control (P < 0.01). High density lipoprotein (HDL)-cholesterol level decreased in all OVX groups compared with that in the sham-control rats (P < 0.05) but without a difference in plasma total cholesterol. Plasma triglycerides in the OVX-green tea group were significantly lower than those in the sham-control or OVX-control group (P < 0.05). Liver triglycerides increased significantly in the OVX-control compared with those in the sham-control (P < 0.01) but decreased significantly in the OVX-green tea group compared with those in the OVX-control or OVX-bamboo group (P < 0.01). Platelet aggregation in both maximum and initial slope tended to be lower in all OVX rats compared with that in the sham-control rats but was not significantly different. Na-K ATPase tended to increase and Na-K cotransport tended to decrease following ovariectomy. Na-K ATPase decreased significantly in the OVX-green tea group compared with that in the OVX-control group (P < 0.01), and Na-K cotransport increased significantly in the OVX-bamboo and OVX-green tea groups compared with that in the OVX-control (P < 0.05). Femoral bone mineral density tended to be lower in OVX rats than that in the sham-control, whereas the green tea and bamboo leaves groups recovered bone density to some extent. The results show that ovariectomy caused an increase in body weight and liver triglycerides, and that green tea was effective for lowering body weight and triglycerides in OVX rats. Ovariectomy induced an increase in Na efflux via Na-K ATPase and a decrease in Na efflux via Na-K cotransport. Furthermore, consumption of green tea and bamboo leaves affected Na efflux channels, controlling electrolyte and body water balance.
Introduction 2)
Metabolic disorders following menopause are manifested by cardiovascular complications as well as weight gain and osteoporosis. American woman tend to start weight gain around the time of menopause and begin or accelerate change in body composition including loss of bone minerals and body cell mass and increase in total body fat, visceral fat, and extracellular fluid during menopausal period [1, 2] . Hypertension, dislipidemia, obesity, and insulin resistance are the most common high-risk metabolic symptoms in menopausal woman [3, 4] . Estrogen deficiency may cause an increase in cardiovascular risks by affecting lipoprotein metabolism, platelet aggregability, electrolyte disturbance and vessel resistance [5] [6] [7] . Significant increases in total cholesterol, low density lipoprotein (LDL)-cholesterol and triglycerides are observed in perimenopausal to postmenopausal woman [7] , and treatment with estrogen and/or 3-hydroxy-3-methylglutaryl-Coenzyme A (HMG-CoA) reductase inhibitor, statin caused decreases in plasma total cholesterol, LDL-cholesterol and triglycerides in menopausal woman [8] . Platelets from hypercholesterolemic patients were more reactive to aggregating reagents such as epinephrine and adenosine diphosphate (ADP) than platelets from normal individuals [9] , and ex vivo platelets from hypercholesterolemic patients showed hyperactivity and shortened platelet survival [10] . Estrogen deficiency in OVX animals and menopausal woman can cause an increased platelet aggregation and thrombosis by affecting platelet agonist hydrolysis [11] and blood vessel nitric oxide production [6] . Hormonal changes in menopausal woman may affect electrolyte disturbance, water retention and blood pressure. Female sex hormones influence the systemic and renal response to salt by increasing salt sensitivity and depressing natriuresis. Increased salt sensitivity in hypertensive menopausal woman is associated with vascular tone and membrane transport of cation [12] . Platelet activating factor administration suppresses Na-K pump activity in Wistar rats, causing decreases in excretion of urinary water and electrolytes [13] . Musselman et al. [14] reported that ovarian hormone treatment of OVX rats causes changes in Na-K cotransport, thereby affecting sodium and water balance. Estrogen deficiency following ovariectomy causes Na-K ATPase activation in rat hippocampus [15] . Ethinyl estradiol caused suppression of Na-K ATPase in the basolateral membrane of rabbit intestine by modulating membrane lipids, controlling sodium and water absorption [16] .
Bamboo leaves have been used as oriental medicament with effects of antifebrile, diuresis, antihypertensive, and hypoglycemic for thousands of years. Orientin, isoorientin, and isovitexin extracted from Phyllostachys nigra bamboo leaves caused Ca 2+ channel-mediated vasorelaxation, increasing coronary blood flow, and preventing myocardial ischemia in rabbits [17] . P. pubescens bamboo leave extract had antihypertensive effects by suppressing angiotensin converting enzyme and relaxing arterial blood vessels [18] . The dwarf bamboo, Sasa quelpaertensis Nakai, grows on Halla mountain and has been used as tea for therapeutic purposes with antidiabetic, diuretic and antiinflammatory effects. Sultana and Lee [19] reported that phenylpropanoids such as 3-O-pcoumaronyl-1-(4-hydroxy-3,5-dimethoxy-phenyl)-1-propanone and N-p-coumaronylserotonin extracted from S. quelpaertensis Nakai have inhibitory effects on tyrosine hydroxylase, which catalyzes the conversion of L-tyrosine to dihydroxyphenylalanine in biosynthesis of catecholamines. Hormone epinephrine and sympathetic neurotransmitter norepinephrine play roles in heart and blood vessels, exerting adverse effects on blood pressure. Green tea consumption is inversely related with the incidence of cardiovascular diseases in the general population [20, 21] . Green tea extract in diabetic rats has protective effects on the cardiovascular system by affecting lipid peroxidation, protein glycation and Na-K ATPase [22] , and the green tea polyphenol, epigallocatechin gallate (EGCG) exerts hypolipidemic and antiobesity actions by suppressing fatty acid synthetase at the gene level [23] . In this study, we compared the preventive effects of S. quelpaertensis bamboo leaves and green tea on cardiovascular complications using related parameters such as erythrocyte membrane Na channels, platelet aggregation, plasma, and liver lipids and bone density in OVX rats.
Materials and Methods

Animals and diets
This study was approved by the Laboratory Animal Care Committee of Jeju National University, and rats were maintained in accordance with the Guidelines for the Care and Use of Laboratory Animals of the University.
Thirty of 40 6-week-old female Sprague-Dawley rats (Orient Bio Co., Ltd, Seoul, Korea) were ovariectomized and ten rats were sham operated. The rats were raised for 4 weeks with pellet diet. At the age of 10 weeks, the OVX rats were divided into three groups of OVX-control, OVX-bamboo and OVX-green tea and fed the following diets with sham-control rats (Table 1) . S. quelpaertensis bamboo leaves and green tea powders for the diet mix were provided by the Jeju Agricultural Development and Technology Extension Center.
Rats had free access to water and were housed in individual cages in a room maintained at 20-25℃ with a 12-hour dark-light cycle. After 4 weeks of ad libitum feeding, the rats were anesthetized with ether and blood samples were obtained by cardiac puncture into heparinized vacuum tubes. Platelet aggregation and erythrocyte Na efflux were assessed with fresh blood, and plasma and liver samples were stored at -70℃ for later assays. Femurs were obtained after removing fat, muscle, and tendons and stored at 4℃ to determine bone mineral density (BMD).
Platelet aggregation
Platelet aggregation was measured using a Chronolog Whole Blood Aggregometor (model 500-Ca, Havertown, PA, USA). Fresh whole blood was diluted with isotonic saline (1:4) to give platelet concentration of approximately 200,000 platelets/µl. ADP (2 μM; Chronolog) was added to initiate aggregation, and three readings of impedance changes were averaged for each rat to determine the maximum aggregation and the initial slope. The instrumental principle is based on the increase in impedance (Ω) across two platinum electrodes as platelet aggregation proceeds.
Sham-Control OVX-Control OVX-Bamboo OVX-Green tea
Initial BW (g) 1) 215.5 ± 18.7 251.6 ± 18. 
Plasma and liver lipid assays
Plasma total cholesterol, HDL-cholesterol, triglycerides, and glucose were assayed using enzymatic kits (Asan Pharmaceuticals, Seoul, Korea). Ten µl of plasma was used for the total cholesterol, triglyceride, and glucose assays. For the HDL cholesterol assay, 200 µl of plasma was incubated with dextran sulfate to precipitate apo B-containing lipoprotein, and 50 µl of the supernatant was used.
Solvents for the liver extraction were supplied by Merck (Darmstadt, Germany). Liver lipids were extracted by a modified Folch method [24] . One gram of liver tissue was homogenized for 5 min in 6 ml of Folch solution (2:1, chloroform: methanol) and 2 ml H2O. After centrifugation for 10 min, the lower phase containing the liver lipids was separated. The lower phase of the lipid fraction was assayed after treatment with Triton X-100:chloroform (25:475 µl) for total cholesterol or with methanol for triglycerides using enzymatic kits (Asan Pharmaceuticals).
Na efflux channels
Red blood cell (RBC) preparation: Chemicals for the mediums including ouabain and furosemide were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Blood was centrifuged at 1,000 × g for 10 min, and the plasma and buffy coat were removed. RBCs were washed five times with cold isotonic washing solution [150 mM choline chloride, 10 mM Tris-4 morpholinopropane sulfonic acid (MOPS), pH 7.4 at 4℃] and centrifuged at 1,000 × g for 5 minutes after each wash. The RBC pellet was resuspended in choline chloride to give a hematocrit of 40-50%, which was also measured. A 50 µl aliquot of the RBC suspension was added to 5 ml of 0.02% acationox (a metal free detergent, Scientific products, McGraw Park, IL, USA) to determine intracellular Na concentrations.
Na efflux: Four ml each of the RBC suspension were added to 40 ml MgCl2 medium with and without ouabain (1 mM ouabain in 70 mM MgCl2, 10 mM KCl, 85 mM sucrose, 10 mM glucose, 10 mM Tris MOPS pH 7.4 at 37℃) to determine Na efflux via Na-K ATPase. Two ml of the RBC suspension was added to 40 ml of choline chloride medium with and without furosemide (150 mM choline chloride, 10 mM glucose, 1 mM ouabain, 10m Tris-MOPS pH 7.4 at 37℃, 1 mM furosemide) to determine Na efflux via Na-K cotransport. The RBCs in each media were mixed and aliquoted into 12 tubes. Duplicate tubes were transferred to an ice bath after a 37℃ incubation in a shaking water bath for 0, 2, 4, 6, 8, and 10 min for Na-K ATPase and for 0, 10, 20, 30, 40, and 50 min for Na-K cotransport determinations. Tubes were centrifuged at 1,000 × g for 5 minutes, the supernatant was removed, and Na concentrations were measured using an atomic absorption spectrophotometer (Shimadzu model AA6701F) [25] .
Calculations
• Na efflux: Na (μg)/(ml × min) × 60 min × μmole/23 μg × [44 ml -(4 ml × Hct)/(4 ml × Hct)] = mmol/ ℓrbc /hr • Intracellular Na: Na (μg)/(ml × min) × 60 min × μmol/23 μg × 101/ Hct = mmol/ ℓrbc
Femur BMD
Bone mineral content and bone width were measured in femurs by dual energy X-ray absorptiometry (model pDEXA Sabre, Norland Cooper Surgical Co., Trumbull, CT, USA) designed for small animal bone and body composition research. BMD was calculated from bone mineral content (g)/bone width (cm 2 ).
Statistical analysis
Values were statistically analyzed using SAS software (SAS Institute, Cary, NC, USA). Analysis of variance was conducted in a completely randomized block design. Duncan's multiple range test was applied to compare individual means when the F-value was significant (P < 0.05).
Results
Weight gain and food efficiency
Four weeks after ovariectomy when the experimental diet began, the average weights of the OVX and sham operated rats were 251.5 and 215.5 g, respectively ( Table 2 ). The final weights after 4 weeks of the experimental diet increased significantly in the OVX-control compared with that in the sham-control group (P < 0.05), whereas the OVX-green tea (GT) group showed significantly lower body weight compared with that in the three OVX groups (P < 0.05). Daily weight gains (ADG) of the sham-control and OVX-GT groups were significantly higher than those in the OVX-control and OVX-bamboo groups (P < 0.05). Average daily feed intake (ADFI) of the sham-control was significantly lower than that of the OVX-control (P < 0.05). Food efficiency ratio (FER = ADG/ADFI) was significantly higher in the OVX-control and OVX-bamboo groups than that in the other groups (P < 0.05)
Plasma and liver cholesterol and triglycerides
No difference was observed in plasma total cholesterol among the groups, but HDL cholesterol decreased significantly in the OVX groups compared with that in the sham-control (P < 0.05) ( Table 3 ). Plasma triglyceride levels were significantly lower in the OVX-green tea group compared with those in the OVX-control (P < 0.05). Liver total cholesterol was not different among the groups, but liver triglyceride level was significantly lower in the sham-control and OVX-green tea groups than that in the OVX-control and OVX-bamboo groups (P < 0.01). No differences in plasma glucose were observed.
Whole blood platelet aggregation
No difference in hematocrit was observed among groups ( Table  4 ). The maximum aggregation was not different between any two groups, but initial slope tended to decrease in the OVX groups compared to that in the sham-control.
Na efflux channels
Intracellular Na was not different among the groups (Table  5) . Na-K ATPase decreased significantly in the OVX-bamboo and OVX-green tea groups compared with that in the shamcontrol and OVX-control groups (P < 0.05). Na-K cotransport increased significantly in the OVX bamboo and OVX-green tea groups compared with that in the OVX-control (P < 0.05). Na passive transport was somewhat decreased in the OVX-bamboo and OVX-green tea group but was not significantly different between any two groups.
Femur BMD
BMD tended to decrease in the OVX-control compared with that in the sham-control group but recovered to some extent in the OVX-bamboo and OVX-green tea groups. The sham-control group had the highest bone mineral content with the smallest bone width, thereby the highest BMD (Table 6 ).
Discussion
The present study showed that OVX rats gained much more weight than that of the sham operated female rats during 4 weeks recovery before being fed the experimental diets. Weight gain of OVX rats fed the control diet exceeded that of the sham control rats with a twice higher FER. Oh et al. [26] reported that FER of OVX rats was far higher than that of normal female rats, while no difference was observed in the FER between orchidectomized rats and normal male rats, inferring that female sex hormones may be involved in weight gain and energy metabolism. Ovariectomy in rats causes an increase in body weight and food efficiency with elevated plasma leptin, whereas 17β-estradiol treatment reverses weight gain and food efficiency without changing plasma leptin, where ovariectomy and 17β -estradiol treatment does not affect thyroid stimulating hormone, triiodothyronine, or thyroxine levels [27] . Ferrara et al. [2] reported that lower lipolysis and higher adipose tissue lipoprotein lipase activity are responsible for the increased abdominal and gluteal fat depot in menopausal woman. Considering our result that FER of OVX rats far exceeded the increased food consumption, depressed adipose fat utilization in OVX rats may be another factor involved in the weight gain and body composition in the present study. The bamboo diet did not affect weight gain or food efficiency, whereas the green tea leaf diet suppressed weight gain and food efficiency in OVX rats. Kang et al. [28] reported that green tea has antiobesity effects in pair-fed male rats, and Diepvens et al. [29] suggested that green tea catechins may affect resting energy expenditures and fat oxidation during weight loss in overweight woman. Considering that green tea leaves diet did not suppress appetite in OVX rats, the antiobesity effects of green tea may be associated with its action controlling fat synthesis and utilization. Tea polyphenols, EGCG, and theaflavin suppress the fatty acid synthetase gene in breast cancer cells [23] , and green tea extract stimulates fat oxidation in mice [30] .
Increases in plasma total and LDL cholesterol, triglycerides, and decreases in HDL cholesterol are common metabolic symptoms in menopausal woman [3] . OVX rats fed a high cholesterol diet have significantly elevated plasma and total liver cholesterol [26] . In the present study, OVX rats fed the cholesterol-free diet did not have elevated plasma or liver total cholesterol. HDL cholesterol was lower in all OVX rats as seen in menopausal woman, but bamboo leaves or green tea rich in polyphenols did not affect HDL cholesterol levels. Increased intra-abdominal fat may lower HDL levels by increasing the fractional catabolic rate of Lp A-I in postmenopausal woman, suggesting central adiposity may be proatherogenic [31] .
Plasma triglyceride levels remained unchanged, whereas liver triglycerides increased significantly following OVX in the present study. Decreased plasma triglycerides and elevated liver triglycerides are observed in analbuminaemic OVX rats [32] and cholesterol fed rats [26, 33] . Liu et al. [33] suggested that plasma triglycerides below normal or control levels with severely high liver levels are associated with disturbances in the secretion of newly synthesized hepatic triglycerides, causing fat accumulation in the liver. Unlike the bamboo leaf diet, green tea lowered elevated plasma and liver triglycerides in the OVX rats in the present study. Green tea consumption is inversely correlated with serum lipids and lipoprotein levels in Japanese men [21] and green tea and green tea extract decreases plasma and liver triglyceride in rats [28] . The hypolipidemic effect of green tea extract is associated with increased fat oxidation [30] , and green tea polyphenol EGCG exerts its hypolipidemic effects by suppressing intestinal lipid absorption [34] .
High platelet aggregability or platelet sensitivity is associated with a high incidence of thrombosis and stroke. Estrogen deficiency in OVX animals and menopausal woman may affect platelet reactivity and thrombosis. Reduced estrogen in OVX Wistar rats causes a decrease in NO production in venules, resulting in thrombus formation, and estrogen treatment restores NO production and endothelium relaxation by increasing platelet velocity and decreasing platelet adhesion [6] . Estrogen replacement in OVX rats induces vascular enzyme ADPase activity, thereby eliminating the ADP platelet activator [11] . In the present study, whole blood platelet aggregation in OVX rats tended to decrease from the maximum and initial slope. Estrogen deficiency may dampen platelet reactivity, showing a slow or weak response to aggregating agent and no dissociation after aggregation. Healthy platelets are continuously dissociated from their aggregates under certain physiological conditions, and are expressed as platelet survival in relation to platelet aggregation and disaggregation kinetics [35] . Hubbard et al. [36] reported that ingesting onion soup inhibits the generation of essential components for collagenstimulated platelet activation and aggregation in humans. Resveratrol, at concentrations attainable with moderate wine consumption, inhibits human platelet aggregation by activating platelet endothelial NO synthase, and platelet NO inhibits platelet recruitment and reactive oxygen species (ROS) formation [37] . Tea catechins and bamboo leaf polyphenols did not affect platelet aggregation in OVX rats in the present study. Antiplatelet compounds such as herbal extracts may suppress platelet activity in vitro at high concentrations, but they may stimulate or have no effect on platelet aggregation at low concentrations or in vivo.
Estrogen deficiency in menopausal woman causes increased salt sensitivity and depresses natriuresis. Increased salt sensitivity affects vascular tone and membrane transport of cations [12] . Ethinyl estradiol treatment causes a suppression of Na-K ATPase in the basolateral membrane of rabbit intestines by modulating membrane lipid fluidity and controlling sodium and water absorption [16] . Schwarz et al. [16] suggested that an increased cholesterol to phospholipid molar ratio induces high membrane fluidity, resulting in increased Na-K ATPase. 17-β Estradiol treatment of OVX Wistar rats causes an increase in the Na-K-Cl cotransporter, thereby controlling renal sodium and water reabsorption [17] . In the present study, increased Na-K ATPase in OVX rats was not correlated with plasma cholesterol, which may affect membrane fluidity. However the increased Na-K ATPase and decreased Na-K cotransport in OVX rats observed agreed with other reports that intact or sham animals have lower Na-K ATPase and higher Na-K cotransport activity than those of OVX rats [16, 17] . Insulin resistance, water retention, and hypertension are clustered symptoms in menopausal woman in whom hyperinsulinemia is a key factor for metabolic syndrome [4] . Previous studies have suggested that hyperinsulinemia and insulin resistance may be involved in altering sodium channels and affecting body fluid and blood pressure. Unlike insulin independent Na-K ATPase in the liver, insulin dependent Na-K ATPase activity in rat muscle and adipocytes is correlated with plasma insulin level [38] . Banday et al. [39] observed that continuous exposure to insulin diminishes dopamine-mediated inhibition of renal Na-K ATPase in Sprague-Dawley rat kidneys. Although it was unclear whether plasma insulin levels were elevated OVX rats, Na-K ATPase and plasma glucose in OVX rats was elevated to some extent in the present study. A review on herbal tea and diuretics [40] reported that many herbal teas are useful to treat urinary retention and hypertension . P. nigra and P. pubescens bamboo leaves exert their hypertensive effects by affecting ion channels [17] and angiotensin converting enzyme levels [18] . Phenylpropanoids from S. quelpaertensis bamboo has inhibitory activity against tyrosine hydroxylase (tyrosinase) in in vitro experiments [19] , suggesting that S. quelpaertensis bamboo may play a favorable role in the cardiovascular system by decreasing catecholamine production. The present study showed that both green tea and bamboo leaves suppressed elevated Na-K ATPase and stimulated the depressed Na-K cotransporter in OVX rats. Theoretically, Na-K ATPase and Na-K cotransport play roles in Na reabsorption in the renal tubules and collecting duct. However, increased erythrocyte Na-K ATPase and Na-K cotransport do not necessarily indicate a hypertensive condition. Na channels function differently in different cells; Na-K ATPase in neuronal cells contribute to membrane gradient and Na-K ATPase in the intestine stimulates glucose absorption.
Decreased BMD is the most common symptom in OVX animals and menopausal woman [41, 42] . García-Moreno et al. [42] reported that BMD in lumbar vertebra measured with DEXA is 226 mg/cm 2 in OVX versus 262 mg/ cm 2 in sham operated
Wistar rats aged 9 months with a 6 month OVX duration. Considering OVX rats in the present study were 14 weeks of age and used 8 weeks after OVX, which is a comparatively young and short OVX duration, some differences in femoral BMD were observed between the OVX and sham operated rats. The OVXbamboo and OVX-green tea groups recovered the decreased BMD, suggesting that the antioxidants in green tea and bamboo leaves may play some role preserving BMD in OVX rats. OVX induces oxidative stress and impairs bone antioxidants, which may modulate osteoblastic differentiation in bone cells [43] . Epidemiological studies of tea drinking and bone health [44] have shown that green tea drinking increases hip, femoral, and lumbar spine BMD compared with not drinking tea. Although there are no supportive reports on bamboo leaves and bone health, we found that bamboo leaves recovered BMD in OVX rats with the highest bone width, promising large and strong bones.
In conclusion, ovariectomy caused increased body weight and body fat, whereas green tea consumption had favorable effects on these complications in rats. Green tea and bamboo leaves may reverse or at least affect the increased Na efflux via Na-K ATPase and the decreased Na efflux via Na-K cotransport in OVX rats, thereby controlling electrolyte and body water balance. However, it is difficult to consider whether this is a good or bad effect, as Na-K ATPase and the Na-K cotransporter measured by erythrocyte Na efflux does not represent all channels from various types of cells such as intestinal, neuronal, renal, and other cells. Discrepancies in the interpretation of ion channel activity have been reported; thus, further studies are necessary.
